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(57) ABSTRACT

An mter-roller conveyance control device conveying an
object to be conveyed between a speed shatt roller driven by
a speed shait motor and a tension shait roller driven by a
tension shaft motor while providing tension to the object
includes a gain table that stores a plurality of pairs of a
conveyance condition variable changing while the object to
be conveyed 1s conveyed and affecting an appropriate value
of a control parameter and a control parameter candidate
value that 1s an approprnate control parameter where, when
the conveyance condition variable 1s changed, the device
performs calculation on the basis of the conveyance condi-
tion variable and a gain calculation result and writes, into the
gain table, the control parameter candidate value and the
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conveyance condition variable 1n association with each other
when the calculation 1s completed.

8 Claims, 10 Drawing Sheets
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INTER-ROLLER CONVEYANCE CONTROL
DEVICE

FIELD

The present invention relates to an inter-roller conveyance
control device.

BACKGROUND

A conventional inter-roller conveyance control device 1s
adapted to control the conveyance of an object to be con-
veyed between two rollers while applying tension thereto in
order that the conveyed object does not become slack
between the two rollers. Accordingly, the inter-roller con-
veyance control device often includes a tension control
calculation unit that performs a calculation involved in
teedback control including PI control, 1.e., proportional
integral control, or PID control, 1.e., proportional integral
and derivative control, such that the tension applied to the
object to be conveyed corresponds to the tension being set.
On the basis of the calculation performed 1n the feedback
control, the tension control calculation unit corrects a speed
command for a tension shait being one of two shafts of the
two rollers and adjusts a diflerence 1n speed between the
shaft and a speed shaft being the other shait to control the
tension generated in the object to be conveyed between the
rollers. In order for the inter-roller conveyance control
device to stably convey the object to be conveyed, 1t i1s
required to stably perform the tension control and properly
set a gain of a tension controller. In a general inter-roller
conveyance control device, a user observes a variation in the
tension while performing inter-roller conveyance and
changes a control gain through trial and error, which takes
much time and eflort to perform the adjustment as well as
causes variations in stability depending on proficiency of the
user.

Patent Literature 1 discloses an example of a technique
that automatically adjusts the control gain of the tension
control calculation unit by including a control gain change
necessity determination unit 1n the inter-roller conveyance
control device, setting the control gain high 1n an itial
conveyance operation and, when the waveform of a detected
tension value 1s oscillatory, gradually reducing the control
gain by a determination of the change necessity determina-
tion unit to search for an appropriate control gain.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Application Laid-Open
No. 2013-173598

SUMMARY
Technical Problem

According to the above conventional technique, the con-
trol gain set to an mappropriate value 1s lowered gradually
by the automatic adjustment performed 1n the mnitial con-
veyance operation, but a range of reduction of the control
gain cannot be determined and thus needs to be set to a value
smaller than necessary i1n an actual operation. Therefore, 1t
1s required to repeat over and over again the operation of
checking a response wavetorm on the detected tension value
and making a determination to change the control gain and
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the operation of reducing the control gain. This has caused
a problem that it takes time to search for the appropriate
control gain.

Moreover, according to the conventional technique, 1t 1s
assumed to perform the automatic adjustment only once at
the 1nitial conveyance operation. The response performance
of the tension control calculation unit 1s set well just after the
automatic adjustment in the mitial conveyance operation but
becomes unsatisfactory as a conveyance condition 1s
changed.

The present immvention has been made 1 view of the
alforementioned problems. An objective of the present inven-
tion 1s to provide an inter-roller conveyance control device
that does not require searching for the control gain by
increasing and decreasing the control gain of the tension
control while the object to be conveyed 1s conveyed between
rollers but that can immediately adjust the control gain to an
appropriate value, even when the conveyance condition such
as a conveyance speed and/or a roller diameter of the object
to be conveyed 1s changed, and can always realize favorable
response performance of the tension control.

Solution to Problem

In order to solve the problem and achieve the objective
mentioned above, the present invention relates to an inter-
roller conveyance control device that conveys an object to
be conveyed between a speed shatt roller and a tension shaft
roller while providing tension. The inter-roller conveyance
control device includes: a control tension detector that
detects a control tension value of the object to be conveyed;
a tension control calculation unit that calculates and outputs
a tension control correction value such that a tension devia-
tion 1s decreased, the calculation being on a basis of a control
parameter and a tension deviation that 1s a deviation between
a set tension command value and the control tension value;
an adjustment execution command generation unit that turns
on an adjustment execution command that 1s an on or
ofl-signal from an external input, and turns oil the adjust-
ment execution command after an adjustment period; an
excitation signal generation umt that, when the adjustment
execution command 1s turned on, adds an added value for
adjustment to the tension control correction value while the
object to be conveyed 1s being conveyed; a tension shaft
speed controller that receives, as mnput, a tension shaft speed
command value obtained by summing the tension control
correction value, the added value for adjustment, and a
tension shaft speed reference command value, and performs
control such that a conveyance speed of the tension shaft
roller corresponds to the tension shaft speed command
value; a speed shatt speed controller that recerves, as iput,
a speed shaft speed command value that changes in syn-
chronization with the tension shait speed reference com-
mand value, and performs control such that a conveyance
speed of the speed shaftt roller corresponds to the speed shait
speed command value; a gain calculation unit that calcu-
lates, on the basis of the tension deviation 1n the adjustment
period during which the adjustment execution command 1s
turned on, a control parameter candidate value, as an appro-
priate control parameter, and outputs the control parameter
candidate value; a gain table generation umit that, after
calculation by the gain calculation unit 1s completed, asso-
ciates the control parameter candidate value with a convey-
ance condition variable that changes while the object to be
conveyed 1s being conveyed and that aflects an appropriate
value of the control parameter; and a gain table that stores
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therein a plurality of pairs of the conveyance condition
variable and the control parameter candidate value.

Advantageous Eflects of Invention

According to the present invention, an inter-roller con-
veyance control device can be provided that does not require

searching for the control gain by increasing and decreasing
the control gain of the tension control while the object to be
conveyed 1s conveyed between rollers, but that can 1mme-
diately adjust the control gain to the appropriate value even
when the conveyance conditions such as the conveyance
speed and/or roller diameter of the object to be conveyed are
changed and can always provide favorable response perfor-
mance of the tension control.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram illustrating the configuration of
an 1nter-roller conveyance control device according to a first
embodiment.

FIG. 2 1s a diagram 1illustrating an example of a graph on
which a candidate value stored in a gain table and a
candidate value that 1s newly calculated are plotted with a
horizontal axis representing a conveyance condition variable
of the first embodiment.

FIG. 3 1s a time response graph of an adjustment execu-
tion command Rt of the inter-roller conveyance control
device according to the first embodiment.

FIG. 4 1s a time response graph of an added value for
adjustment addition Vd in the imter-roller conveyance con-
trol device according to the first embodiment.

FIG. 5 1s a time response graph of a tension shait speed
command value Vrl of the inter-roller conveyance control
device according to the first embodiment.

FIG. 6 1s a time response graph of a detected tension value
T1b of the inter-roller conveyance control device according
to the first embodiment.

FIG. 7 1s a block diagram 1illustrating the configuration of
an inter-roller conveyance control device according to a
second embodiment.

FIG. 8 1s a block diagram illustrating the configuration of
an 1nter-roller conveyance control device according to a
third embodiment.

FI1G. 9 1s a block diagram illustrating the configuration of
an 1nter-roller conveyance control device according to a
fourth embodiment.

FIG. 10 1s a time response graph of an adjustment
execution command Rt of the imter-roller conveyance con-
trol device according to the fourth embodiment.

FIG. 11 1s a time response graph of an added value for
adjustment addition Vd 1n the inter-roller conveyance con-
trol device according to the fourth embodiment.

FIG. 12 1s a time response graph of a tension shaft speed
command value Vrl of the inter-roller conveyance control
device according to the fourth embodiment.

FIG. 13 1s a time response graph ol a detected tension
value Tib of the inter-roller conveyance control device
according to the fourth embodiment.

FIG. 14 1s a block diagram 1llustrating the configuration
of an iter-roller conveyance control device according to a
fifth embodiment.

DESCRIPTION OF EMBODIMENTS

Exemplary embodiments of an inter-roller conveyance
control device according to the present invention 1s
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4

described 1n detail with reference to the drawings. Note that
the present invention 1s not limited to the embodiments.

First Embodiment

FIG. 1 1s a block diagram illustrating the configuration of
a first embodiment of an inter-roller conveyance control
device according to the present imvention. An inter-roller
conveyance control device 100 illustrated in FIG. 1 includes
an 1nter-roller conveyance mechanism 1. The inter-roller
conveyance mechanism 1 includes an object to be conveyed
11, a tension shait motor 12, a tension shait roller 13, a speed
shaft motor 14 and a speed shaift roller 15. The object to be
conveyed 11 1s conveyed between the tension shaift roller 13
and the speed shaft roller 15. The iter-roller conveyance
mechanism 1 1s a mechanism that conveys the object to be
conveyed 11, which 1s belt-like or linear shaped, among a

plurality of rollers and causes the tension shaft motor 12 to
drive the tension shatt roller 13 so that 1t rotates and the
object to be conveyed 11 1s wound around the tension shaft
roller 13, 1.e., rolling up 1s performed. The object to be
conveyed 11 1s made of material such as paper, resin, fiber
or metal, for example. The inter-roller conveyance mecha-
nism 1 also causes the speed shaft motor 14 to drive the
speed shaft roller 15 so that 1t rotates and the object to be
conveyed 11 1s unwound therefrom, 1.e., rolling-ofl 1s per-
formed.

A control tension detector 20 1s attached to the inter-roller
conveyance mechanism 1. The control tension detector 20
outputs a value obtaimned by detecting the tension in the
object to be conveyed 11, 1.¢., a detected tension value Tib,
which 1s a confrolled tension value. The detected tension
value T1b 1s a variable that 1s controlled to serve as a tension
command value, which 1s described later.

Even though the present embodiment uses the tension
shaft roller 13 to perform rolling-up and the speed shait
roller 135 to perform rolling-off, the present invention 1s not
limited to such a configuration. That 1s, the speed shaft roller
15 can perform rolling-up and the tension shaft roller 13
performs rolling-ofl. Alternatively, each of the tension shaft
roller 13 and the speed shatit roller 15 can be an intermediate
shaft that performs only a feed operation during rolling-up
or rolling-off and can be an intermediate shait that performs
neither rolling-up nor rolling-off.

The inter-roller conveyance control device 100 illustrated
in FIG. 1 includes the control tension detector 20, a tension
shaft speed controller 21, a speed shaft speed controller 22,
a synchronous speed command generation unit 23, a tension
control calculation unmit 24, a binary output unit 25, an
adjustment execution command generation unit 26, a gain
calculation unit 27, a gain table generation unit 28, a gain
table 29, a gain determination unit 30, a subtractor 90, an
adder 91, and an adder 92.

The tension shait speed controller 21 receives a tension
shaft speed command value Vrl as an mput to control the
rotational speed of the tension shait motor 12 such that the
speed of the object to be conveyed 11 being conveyed by the
tension shaft roller 13 substantially corresponds to the
tension shaft speed command value Vrl. Specifically, the
tension shaft speed controller 21 performs control such that
the rotational speed of the tension shait motor 12 substan-
tially corresponds to a command obtained by converting the
tension shaft speed command value Vrl into the rotational
speed of the tension shait motor 12 on the basis of the
diameter and the reduction ratio of the tension shaft roller

13.




US 10,023,416 B2

S

The speed shaft speed controller 22 receives a speed shatt
speed command value Vr2 as an input to control the rota-
tional speed of the speed shait motor 14 such that the speed
ol the object to be conveyed 11 being conveyed by the speed
shaft roller 15 substantially corresponds to the speed shafit
speed command value Vr2. Specifically, the speed shait
speed controller 22 performs control such that the rotational
speed of the speed shaft motor 14 substantially corresponds
to a command obtained by converting the speed shaft speed
command value Vr2 into the rotational speed of the speed
shaft motor 14 on the basis of the diameter and the reduction
ratio of the speed shaft roller 15.

The synchronous speed command generation unit 23
outputs a tension shaft speed reference command value Vr(
that 1s used to calculate the tension shaft speed command
value Vrl as well as the speed shait speed command value
Vr2. The tension shait speed reference command value Vr(
and the speed shaft speed command value Vr2 are usually
identical values or values taking into account the effect of
any elongation of the object to be conveyed 11, and the
values are generated so as to change synchronously accord-
ing to the acceleration and deceleration of the conveying of
the object to be conveyed 11.

The adjustment execution command generation unit 26
generates an adjustment execution command Rt, which 1s a
signal representing on or off due to an instructional input
made by an external operation, for example. The adjustment
execution command generation unit 26 generally changes
the adjustment execution command Rt from ofl to on in
response to an external operation and 1t outputs the on-signal
only for an “automatic adjustment period” and then changes
the signal back to the ofl-signal. Here, the “automatic
adjustment period” refers to a certain predetermined period
or a period up to a time point at which output from the binary
output unit 23 (to be described later) 1s determined to have
changed by a number of times that corresponds to a thresh-
old, for example.

The tension control calculation unit 24 receives, as iput,
the adjustment execution command Rt and a deviation
between a tension command value Tr, which 1s set, and the
detected tension value Tib, which 1s the controlled tension
value, 1.e., a tension deviation Te that 1s a controlled tension
deviation. The tension control calculation unit 24 then
outputs the sum of a proportional compensation and an
integral compensation as a tension control correction value
Vc 1 a normal state in which the adjustment execution
command Rt 1s turned ofl, where the proportional compen-
sation 1s obtained by multiplying the tension deviation Te by
a proportional gain that 1s a control parameter, and the
integral compensation 1s obtained by multiplying the tension
deviation Te by an integral gain that 1s a control parameter
so as to be itegrated. When the adjustment execution
command Rt 1s turned on to cause the device to enter the
automatic adjustment period, the tension control correction
value V¢, which 1s the output, holds a value just before
entering the automatic adjustment period during which the
adjustment execution command Rt 1s turned on and outputs
a fixed value. The operation of holding the last value can be
implemented by setting the proportional gain and the nte-
gral gain to zero and retaining the output of the mtegration,
for example.

The binary output unit 25 1s an excitation signal genera-
tion unit. The binary output unit 25 operates during the
automatic adjustment period during which the adjustment
execution command Rt 1s turned on, and it outputs one of
two values +D and -D, each having a preset added-value
amplitude D, as the added value for adjustment addition Vd
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on the basis of the tension deviation Te. Specifically, the
binary output unit 25 selects either +D or —D according to
the sign of the tension deviation Te. The selection can
correspond to the sign of a result of applying a low pass filter
to the tension deviation Te, or, mnstead of simply making a
selection according to the sign of the tension deviation Te,
the selection can be made between +D and -D on the basis
of a signal indicating the tension deviation Te, which has
non-linear hysteresis characteristics.

Here, the binary output unit 25 operates on a method
similar to what 1s called a limit cycle method used 1n
temperature control, where the added value for adjustment
addition Vd and the tension deviation Te output by the
binary output unit 235 oscillate when the adjustment execu-
tion command Rt 1s turned on. The limit cycle method does
not require a parameter to be set by a user so that the control
parameter can be adjusted 1n a short period of time.

The gain calculation unit 27 receives the tension deviation
Te and the adjustment execution command Rt as inputs;
measures an oscillation period and an amplitude of the
tension deviation Te 1n the automatic adjustment period
during which the adjustment execution command Rt 1is
turned on; and, on the basis of a result of the measurement,
calculates a proportional gain candidate value and an 1nte-
oral gain candidate value that are candidates for the propor-
tional gain and the integral gain of the tension control
calculation unit 24, respectively. Specifically, the gain cal-
culation unit 27 calculates the proportional gain candidate
value by multiplying a reciprocal of the amplitude of the
tension deviation Te by a constant; and calculates the
integral gain candidate value, which 1s an integration time
constant of a proportional integral calculation, by multiply-
ing the oscillation period by a constant. A gain calculation
completion signal, which an on- or off-signal, 1s turned on at
a point when the adjustment execution command Rt 1is
turned ofl as well as when the calculation of the proportional
gain candidate value and the integral gain candidate value 1s
completed. The gain calculation completion signal can also
be referred to as a calculation completion signal. The gain
calculation completion signal 1s turned on once and then
turned back off. The gain calculation unit 27 outputs a gain
calculation result Gt including the calculated proportional
gain candidate value and integral gain candidate value as
well as the gain calculation completion signal.

The gain table generation unit 28 receives the gain
calculation result Gt and the speed shaft speed command
value Vr2 as input; uses the value of the speed shait speed
command value Vr2 as the conveyance condition variable to
associate the conveyance condition variable with each of the
proportional gain candidate value and the integral gain
candidate value included 1n the gain calculation result Gt;
and writes the proportional gain candidate value and the
integral gain candidate value associated with the conveyance
condition variable and the speed shait speed command value
Vr2 1nto the gain table 29. The gain table generation unit 28
writes the data into the gain table 29 at a time point when the
gain calculation completion signal included 1n the received
gain calculation result Gt 1s turned on.

The gain table 29 stores a plurality of the conveyance
condition variables and a pair made up of the proportional
gain candidate value and the integral gain candidate value
associated with each conveyance condition variable. The
gain table 29 1s a storage medium that can be adapted such
that information can be written into or read from the medium
by performing an external operation and 1t 1s not limited to
a specific configuration. The storage medium can be a flash
memory or a hard disk drive, for example.
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The gain determination unit 30 receives the speed shaft
speed command value Vr2 as input; reads, from the gain
table 29, the proportional gain candidate value and the
integral gain candidate value associated with the conveyance
condition variable corresponding to the speed shaft speed
command value Vr2 being received; and sets or changes the
values that are the values of the proportional gain and the
integral gain of the tension control calculation unit 24. At
this time, among the proportional gain candidate values and
the integral gain candidate values stored 1n the gain table 29,
the gain determination unit 30 can be adapted to read the
proportional gain candidate value and the integral gain
candidate value associated with the conveyance condition
variable closest to the conveyance condition variable corre-
sponding to the speed shaft speed command value Vr2 being
received, or i1t can be adapted to read a plurality of each of
the proportional gain candidate values and the integral gain
candidate values and to calculate a new proportional gain
candidate value and an integral gain candidate value, as
illustrated 1 FIG. 2, on the basis of the values being read.
Thus the gain determination unit 30 receives the conveyance
condition variable as mput and changes the control param-
cter of the tension control calculation unit 24 on the basis of
the control parameter candidate value read from the gain
table 29 as described above; therefore, the control parameter
appropriate for the conveyance condition 1s used 1n tension
control from among the plurality of pairs of control param-
cters stored 1n the gain table 29, whereby a user can easily
change the control parameter accompanying a change in the
conveyance condition.

FIG. 2 1s a diagram 1illustrating an example of a graph on
which the candidate value stored in the gain table 29 and the
candidate value that 1s newly calculated are plotted with a
horizontal axis representing the conveyance condition vari-
able. In the example illustrated 1 FIG. 2, when the convey-
ance condition variable of “20” 1s input to the gain deter-
mination umt 30 and the gain table 29 stores the proportional
gain candidate value 27 associated with the conveyance
condition variable “10” and the proportional gain candidate
value “6” associated with the convevance condition variable
“307, for example, then the gain determination unit 30 can
read the proportional gain candidate values “2” and “6”
associated with the conveyance condition variables “10”” and
“30” so as to newly calculate the proportional gain candidate
value “4” on the basis of the fact that the conveyance
condition variable “20” 1s a middle value between the
conveyance condition variables stored in the table. The gain
determination unit 30 corrects the control parameter candi-
date value read from the gain table 29 and changes the value
of the control parameter of the tension control calculation
unit 24 as described above; therefore, an appropriate control
parameter can be obtained at all times by performing inter-
polation by referring to a plurality of values even 1n a case
where the gain table 29 stores discrete values.

The subtractor 90 outputs a value obtained by subtracting
the detected tension value Tib from the tension command
value Ir as the tension deviation Te.

The adder 91 outputs a value obtained by adding the
added value for adjustment addition Vd to the tension
control correction value Vc.

The adder 92 outputs a value obtained by adding the
tension shait speed reference command value Vr0 and the
value output by the adder 91 together as the tension shaft
speed command value Vrl. The adder 92 is a tension shaft
speed command value generation unit.

Effects obtained by the inter-roller conveyance control
device 100 of the present embodiment are described here.
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When the adjustment execution command generation unit
26 turns on the adjustment execution command Rt in a state
where the tension control calculation unit 24 has poor
responsiveness, such as at the boot-up of the inter-roller
conveyance control device 100, the proportional gain and
the integral gain of the tension control calculation unit 24 are
mappropriately adjusted. Therefore, the added value for
adjustment addition Vd takes +D or —D according to the
positive or negative sign of the tension deviation Te 1n an
adjustment period during which the adjustment execution
command Rt output by the adjustment execution command
generation unit 26 1s turned on. This causes the tension
deviation Te to change and the added value for adjustment
addition Vd so as to make the tension deviation Te oscillate.
That 1s, a self-excited oscillation 1s generated by the limait
cycle.

Each of FIGS. 3 to 6 illustrates an example of a time
response ol the added value for adjustment addition Vd and
the detected tension value Tib. Each of FIGS. 3 to 6 1s a
diagram 1illustrating a time response graph representing the
behavior of the inter-roller conveyance control device 100
according to the present embodiment have a horizontal axis
representing time. FIG. 3 1s the time response graph for the
adjustment execution command Rt of the inter-roller con-
veyance control device 100 according to the present embodi-
ment. FIG. 4 1s the time response graph for the added value
for adjustment addition Vd of the mter-roller conveyance
control device 100 according to the present embodiment.
FIG. 5 1s the time response graph for the tension shaift speed
command value Vrl of the inter-roller conveyance control
device 100 according to the present embodiment. FIG. 6 1s
the time response graph for the detected tension value Tib of
the inter-roller conveyance control device 100 according to
the present embodiment. Times t1 and {2 on the horizontal
axis mndicate the same time among FIGS. 3 to 6.

The gain calculation unit 27 calculates the proportional
gain candidate value and the integral gain candidate value of
the tension control calculation unit 24 on the basis of the
oscillation period and amplitude of the tension deviation Te
during the adjustment period during which the adjustment
execution command Rt 1s turned on, and at the same time the
gain table generation umit 28 stores, into the gain table 29,
the proportional gain candidate value and the integral gain
candidate value calculated by the gain calculation unit 27 1n

association with the conveyance condition variable corre-
sponding to the current speed shaft speed command value
Vr2.

Here, the adjustment period during which the adjustment
execution command Rt 1s turned on can be preset in duration
as described above, 1.e., 1t 1s a fixed period, but when a
variety of materials ranging from hard metal to soft resin are
to be conveyed, the oscillation frequency due to the limit
cycle as well as the response frequency of control that can
be realized vary greatly; therefore, 1t 1s desirable to set the
adjustment period to end after a predetermined count of the
oscillation frequency of the tension deviation Te. When the
object to be conveyed 11 1s made of maternal including metal
and paper, which does not stretch much with a change 1n
tension, the oscillation due to the limit cycle 1s generated at
a speed of several Hz or faster so that the adjustment period
need only last approximately one second. When the object to
be conveyed 11 1s made of material such as resin, which
stretches to a large extent with the change in tension, the
response of control that can be realized 1s also delayed but,
even 1n such case, the adjustment period need only last
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approximately several seconds and at the same time an
optimal gain can be calculated by a single adjustment
operation.

Further, the gain determination unit 30 reads the propor-
tional gain candidate value and the integral gain candidate
value corresponding to the current speed shait speed com-
mand value Vr2 from the gain table 29 and sets the values
to be used 1n the tension control calculation unit 24, and
therefore the response of the tension control calculation unit
24 1s adjusted so that it 1s favorable.

When the aforementioned operation 1s performed under a
plurality of different conveyance conditions corresponding,
to the speed shait speed command value Vr2 in order to
output a signal of the adjustment execution command Rt at
a proper timing by an instructional mput from an outside
source, for example, a plurality of pairs of the proportional
gain candidate values and the integral gain candidate values
appropriate for each conveyance condition are associated
therewith to be stored in the gain table 29. The inter-roller
conveyance control device 100 of the present embodiment
need only change the value of the tension control correction
value V¢ 1n the adjustment operation. Accordingly, the value
of the speed shaft speed command value Vr2, which 1s the
conveyance condition variable, does not need to be changed
during the adjustment period; therefore, the conveyance
condition variable 1s not aflected and an appropriate control
parameter can be calculated under each conveyance condi-
tion.

The proportional gain candidate value and integral gain
candidate value appropriate for the plurality of conveyance
conditions are stored in the gain table 29; therefore, when
the conveyance condition 1s changed, the gain determination
unit 30 selects the appropnate proportional gain candidate
value and 111tegral gam candidate value from among the
values stored 1n the gain table 29 and applies the selected
values to the tension control calculation umt 24, thereby
saving a user ol the inter-roller conveyance control device
100 from having to change the proportional gain and the
integral gain of the tension control calculation unit 24 with
the change 1n the conveyance condition in order to be able
to obtain a favorable response.

Moreover, the proportional gain candidate value and the
integral gain candidate value under the conveyance condi-
tion when the adjustment execution command Rt 1s turned
on by performing an external operation on the adjustment
execution command generation unit 26 are associated with
the conveyance condition variable and stored one by one;
therefore, the number of the conveyance conditions need not
be determined 1n advance in order to generate the values
stored 1n the gain table 29 and the values to be stored 1n the
gain table 29 can easily be generated.

Generally, 1n the inter-roller conveyance control device, a
change 1n the speed of the speed shaftt roller due to a change
in the conveyance speed of the object to be conveyed causes
a change 1n the amount of the object to be conveyed being
rolled off per hour, thereby causing a change in the charac-
teristic of the tension generated with respect to a difference
in the speed between the tension shait roller and the speed
shaft roller. There 1s a noticeable change 1n the characteris-
tics of the tension generated with respect to the difference in
the speed between the tension shaft roller and the speed shaft
roller accompanying a change i1n the conveyance speed,
especially when the object to be conveyed i1s made of
material such as resin that 1s soft and stretchable. A con-
ventional inter-roller conveyance control device 1s thus
required to change the control parameter of the proportional
gain or mtegral gain at each conveyance speed in order to

10

15

20

25

30

35

40

45

50

55

60

65

10

check the response to the detected tension value and to
search for an approprnate control parameter every time the
conveyance speed of the object to be conveyed 1s changed.
According to the inter-roller conveyance control device 100
of the present embodiment, when the conveyance speed of
the object to be conveyed 1s changed, the adjustment execu-
tion command generation unit 26 turns on the adjustment
execution command Rt in order to be able to calculate the
proportional gain and the integral gain approprate for the
speed of the speed shait at that time and to generate the
values stored in the gain table 29.

Note that even though the control tension detector 20
outputs the detected tension value Tib according to the
aforementioned description, the detector need not itself
detect and output the tension 1n the object to be conveyed 11
and 1t can be adapted to press a mechanism called a dancer
against the object to be conveyed 11 to detect and output the
dancer displacement, for example.

Therefore, the control tension detector 20 need not
directly output the tension in the object to be conveyed 11
but can detect the controlled tension value, which 1s a
variable and the output of which changes due to the effect of
the variation in the tension, or 1t can detect a variable that 1s
controlled such that 1t takes a constant value to allow the
tension 1n the object to be conveyed 11 to be kept constant.
In this case, the aforementioned detected tension value Tib,
tension command value Tr, and tension deviation Te can be
replaced by an appropriate controlled tension value, tension
command value, and controlled tension deviation as appro-
priate.

Moreover, the tension control calculation unit 24 1n the
present embodiment uses the control parameters that are a
proportional gain and an integral gain obtained by propor-
tional compensation and integral compensation. But, a
derivative gain can also be added to the control parameter by
adding derivative compensation.

Even though the speed shatt speed command value Vr2 1s
used as the conveyance condition variable 1n the present
embodiment, the tension shait speed reference command
value Vr0 can be used as the convevance speed variable 1n
order to generate the value 1n the gain table storing the
appropriate control parameter according to the plurality of
different conveyance speeds.

Even though the inter-roller conveyance control device
100 of the present embodiment includes the gain determi-
nation umt 30 and another component having an automatic
adjustment function, the control device can also be config-
ured not to include the gain determination unit 30 and only
generate the gain table 29 by using the automatic adjustment
function. Further, in normal operation of the inter-roller
conveyance control device, the control device can be con-
figured to include the gain table 29 and the gain determi-
nation unit 30 but not to include the automatic adjustment
function.

In the conventional techniques, the control gain set to an
iappropriate value i1s reduced gradually by the automatic
adjustment performed 1n the mnitial conveyance operation,
but the range of reduction of the control gain cannot be
determined and thus needs to be set to a value smaller than
necessary in an actual operation. Therefore, it 1s required to
repeatedly perform the operation of checking a response
wavelorm of the detected tension value and to make a
determination to change the control gain and the operation
of reducing the control gain, and 1t takes time to search for
an appropriate control gain.

Moreover, 1t 1s assumed 1n the conventional technique to
perform the automatic adjustment only once 1n the mnitial
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conveyance operation when the same object to be conveyed
1s conveyed, but a fixed control gain cannot maintain favor-
able control 1n some cases due to a change 1n the conveyance
condition, depending on the type of the object to be con-
veyed or the configuration of a conveyance mechanism. For
example, a change 1n the conveyance speed of the object to
be conveyed causes a change 1n the amount of the object to
be conveyed being fed from a roll-off shaft per unit time,
which causes a change 1n the speed of newly feeding the
object to be conveyed between rollers and thus a change 1n
a characteristic of the tension generated with respect to a
difference 1n the speed between the tension shaft roller and
the speed shaift roller. Moreover, as time elapses from the
start of conveyance, a rolling-up shaft gradually gets thick
by rolling up the object so as to cause a delay 1n time for the
torque of the motor driving the rolling-up shait to reach the
surface of the roller whereas, as for the roll-oft shaft, the
time 1t takes for the torque of the motor to reach the surface
of the roller 1s reduced so that the time 1t takes for the change
in the speed of the motor to aflect the tension varies 1n each
case. When the roller diameter 1s very large, a small change
in the torque of the motor 1s absorbed by the object to be
conveyed wound around the roller and does not reach the
surface of the roller 1n some cases. Therefore, a change 1n the
roller diameter of the roll-off shaft or the rolling-up shaft
occurring as time elapses from the start of conveying the
object to be conveyed also causes the change 1n the char-
acteristic of the tension generated with respect to the dii-
ference 1n the speed between the tension shaft roller and the
speed shait roller. In such a case, in order to always obtain
tavorable response performance of the tension control 1n the
inter-roller conveyance control device, the control parameter
of the feedback control performed by the tension control
calculation unit needs to be changed as appropriate accord-
ing to the conveyance condition including the conveyance
speed. But, 1 the conventional technique in which the
automatic adjustment 1s assumed to be performed only once
in the initial conveyance operation, the tension control
calculation unit can only provide favorable response perfor-
mance right after the automatic adjustment 1s performed in
the 1nitial conveyance operation, but it cannot provide the
same favorable response as the conveyance condition 1s
changed.

The inter-roller conveyance control device 100 of the
present embodiment 1s operated as described above to store,
into the gain table, the pair made up of the proportional gain
candidate value and the mtegral gain candidate value appro-
priate for the plurality of conveyance conditions. Therefore,
the gain of the tension control calculation unit can be set to
an appropriate value 1n a short time under the conveyance
speed condition that 1s set independently of the status of a
preset control gain of the tension control calculation unit
without the need of trial and error or knowledge based on
experience; and a user can easily perform control to convey
the object to be conveyed between rollers while holding the
tension at a desired value even when the conveyance con-
dition 1s changed.

That 1s, according to the present embodiment, the inter-
roller conveyance control device can be provided that does
not require searching for the control gain by increasing and
decreasing the control gain of the tension control while the
object to be conveyed 1s conveyed between rollers, but that
can 1immediately adjust the control gain to the approprate
value even when the conveyance condition including the
conveyance speed ol the object to be conveyed 1s changed
and can realize favorable response performance of the
tension control at all times.
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Second Embodiment

The inter-roller conveyance control device 100 described
in the first embodiment uses the speed shait speed command
value Vr2 as the conveyance condition variable and stores,
into the gain table, the candidate values for the proportional
gain and the integral gain associated with the conveyance
condition variable, but the roller diameter of the tension
shaft roller can instead be used as the conveyance condition
variable. According to the present embodiment, a control
gain appropriate for each roller diameter can be generated
and stored into the gain table even when a characteristic of
tension being generated 1s changed along with a change in
the roller diameter of a roll.

FIG. 7 1s a block diagram illustrating the configuration of

a second embodiment of an inter-roller conveyance control
device according to the present mnvention. According to an
inter-roller conveyance control device 200 illustrated 1n
FIG. 7, a roller diameter of a tension shaft roller 1s stored as
a conveyance condition variable mto a gain table 29. Note
that in FIG. 7, a block with the same reference numerals as
those i FIG. 1 represent the same configuration as those of
the first embodiment and thus will not be described.
The inter-roller conveyance control device 200 illustrated
in FIG. 7 includes a roller diameter sensor 16, a control
tension detector 20, a tension shait speed controller 21, a
speed shait speed controller 22, a synchronous speed com-
mand generation unit 23, a tension control calculation unit
24, a bmary output unit 25, an adjustment execution com-
mand generation unit 26, a gain calculation unit 27, a gain
table generation unit 228, a gain table 29, a gain determi-
nation unit 230, a roller diameter calculation unit 231, a
subtractor 90, an adder 91 and an adder 92.

The roller diameter sensor 16 1s a laser displacement
sensor or the like and can detect the position of a surface of
a tension shaft roller 13 of which roller diameter increases
and decreases. The roller diameter sensor 16 outputs a roller
diameter sensor output value Lm.

The roller diameter calculation unit 231 receives the roller
diameter sensor output value Lm as input to calculate and
output a calculated roller diameter value DT being a radius
or diameter of the tension shait roller 13 on the basis of the
roller diameter sensor output value Lm.

The gain table generation unit 228 receives, as input, the
calculated roller diameter value DT and a gain calculation
result Gt including a proportional gain candidate value, an
integral gain candidate value and a gain calculation comple-
tion signal; and stores, into the gain table 29, the propor-
tional gain candidate and the integral gain candidate
included in the gain calculation result Gt 1n association with
a conveyance condition variable corresponding to the cal-
culated roller diameter value DT only when a gain calcula-
tion completion signal included 1n the gain calculation result
Gt 1s turned on.

The gain determination unit 230 recerves the calculated
roller diameter value DT as input; reads, from the gain table
29, the proportional gain candidate value and the integral
gain candidate value associated with the conveyance con-
dition variable corresponding to the calculated roller diam-
cter value DT being received; and sets the values as values
of the proportional gain and the integral gain of the tension
control calculation umt 24. At this time, among the propor-
tional gain candidate values and the integral gain candidate
values stored 1n the gain table 29, the gain determination unit
230 can read the proportional gain candidate value and the
integral gain candidate value associated with the conveyance
condition variable closest to the conveyance condition vari-
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able corresponding to the calculated roller diameter value
DT being received; or can, as described with reference to
FIG. 2 1n the first embodiment, read a plurality of each of the
proportional gain candidate values and the integral gain
candidate values and can calculate new proportional gain
candidate value and integral gain candidate value on the
basis of the proportional gain candidate value and the
integral gain candidate value being read.

According to the present embodiment, the adjustment
execution command generation unit 26 turns on an adjust-
ment execution command Rt under a plurality of convey-
ance conditions with ditferent roller diameters and generates
a limit cycle, in which a tension deviation Te and a tension
shaft speed command value Vrl oscillate 1n a fixed cycle as
with the first embodiment. Therefore, the gain calculation
unit 27 calculates the proportional gain candidate value and
the integral gain candidate value on the basis of the tension
deviation Te in an adjustment period during which the
adjustment execution command Rt 1s turned on. The gain
calculation result Gt, which includes the calculated propor-
tional gain candidate value and integral gain candidate value
as well as the gain calculation completion signal being
turned on, 1s output at a point when the adjustment execution
command Rt 1s turned off and the gain calculation unit 27
completes both the calculation of the proportional gain
candidate value and the integral gain candidate value.

The gain table generation unit 228 stores the proportional
gain candidate value and the integral gain candidate value
associated with the conveyance condition variable into the
gain table 29, the conveyance condition variable being the
calculated roller diameter value DT.

Effects obtained by the inter-roller conveyance control
device 200 of the present embodiment 1s described.

According to the inter-roller conveyance control device
200 1llustrated 1 FIG. 7, a rolling-up shaft gradually gets
thicker as the object to be conveyed 1s conveyed so as to
cause a delay 1n time for the torque of a motor driving the
rolling-up shaftt to reach the surface of the roller whereas; as
for a roll-off shatt, the time 1t takes for the torque of a motor
to reach the surface of the roller 1s reduced, so that the time
it takes for the change in the speed of the motor to affect the
tension varies 1n each case. When the roller diameter 1s very
large, a small change 1n the torque of the motor 1s absorbed
by the object to be conveyed wound around the roller and 1t
does not reach the surface of the roller 1n some cases.
Accordingly, the change in the roller diameter of the roll-ofl
shaft or the rolling-up shatt as time elapses from the start of
conveying the object to be conveyed also causes a change 1n
a characteristic of the tension generated with respect to a
difference 1n speed between the tension shait roller and a
speed shaft roller.

That 1s, an appropriate value of the control parameter
including the proportional gain and the integral gain used 1n
the tension control calculation unit 24 varies as the roller
diameter 1s changed.

According to the present embodiment, even when the
roller diameter 1s changed while the object to be conveyed
1s conveyed, the adjustment execution command generation
unit 26 turns on the adjustment execution command Rt so as
to be able to set the proportional gain and the integral gain
of the tension control calculation unit 24 appropriate for that
roller diameter and maintain a favorable response in the
tension control.

The proportional gain candidate value and the integral
gain candidate value associated with the conveyance con-
dition variable being the roller diameter are stored one by
one into the gain table 29 so that the proportional gain
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candidate value and the mtegral gain candidate value appro-
priate for the value of each roller diameter can be stored 1nto
the gain table 29.

The values stored 1n the gain table 29 are discrete values
with regard to the roller diameter that changes continuously.
However, the gain determination unit 230 of the present
embodiment can read a plurality of each of the proportional
gain candidate values and the integral gain candidate values
from the gain table 29 so as to generate a new candidate
value on the basis of the plurality of the candidate values
being read. Therefore, appropriate proportional gain candi-
date value and integral gain candidate value can be always
applied to the tension control calculation unit 24 even when
the roller diameter changes continuously.

The inter-roller conveyance control device 200 of the
present embodiment 1s operated as described above to store,
into the gain table, the pair made up of the proportional gain
candidate value and the integral gain candidate value appro-
priate for each of the plurality of roller diameters of the
tension shaft; so that the gain used in the tension control
calculation unit can be set to an approprate value 1n a short
time 1independently of the status of a preset control gain of
the tension control calculation unit and without the need of
trial and error or knowledge based on experience; and so that
a user can easily perform control to convey the object to be
conveyed between rollers while holding the tension at a
desired value even when the roller diameter 1s changed.

The roller diameter 1s calculated by using the roller
diameter sensor 16 in the present embodiment, but the
present invention can 1instead use another mechanism
capable of estimating the roller diameter. The roller diameter
can be calculated by a multiplication of the thickness of the
object to be conveyed and the rotational speed of the
rolling-up shaft, or on the basis of a ratio of the conveyance
speed of the object to be conveyed 11 to the rotational speed
of the tension shaft roller 13, for example. The inter-roller
conveyance control device 200 of the present embodiment
need only change the value of the tension control correction
value V¢ in the adjustment operation. Accordingly, the value
of the roller diameter being the conveyance condition vari-
able does not need to be manipulated in the adjustment
period, so that the conveyance condition variable 1s not

allected and that the appropriate control parameter can be
calculated under each conveyance condition.

Third Embodiment

The inter-roller conveyance control device 100 described
in the first embodiment uses the speed shait speed command
value Vr2 as the conveyance condition variable and stores,
into the gain table, the candidate values for the proportional
gain and the integral gain associated with the conveyance
condition variable, but a time elapse from the start of
conveyance as the conveyance condition variable can be
used. According to the present embodiment, a control gain
appropriate for each elapsed time can be generated and
stored mto the gain table even when a characteristic of
tension being generated 1s changed along with the time
clapse from the start of conveying an object to be conveyed.

FIG. 8 1s a block diagram illustrating the configuration of
a third embodiment of an inter-roller conveyance control
device according to the present invention. An inter-roller
conveyance control device 300 illustrated in FIG. 8 uses the
time elapse from the start of conveyance as the conveyance
condition variable. In FIG. 8, a block with the same refer-
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ence numeral as that in FIG. 1 represents the same configu-
ration as that of the first embodiment and thus will not be
described.

The inter-roller conveyance control device 300 1llustrated
in FIG. 8 includes a control tension detector 20, a tension
shaft speed controller 21, a speed shaft speed controller 22,
a synchronous speed command generation unit 23, a tension
control calculation unit 24, a binary output unit 25, an
adjustment execution command generation unit 26, a gain
calculation unit 27, a gain table generation unit 328, a gain
table 29, a gain determination unit 330, an elapsed time
measurement unit 332, a subtractor 90, an adder 91, and an
adder 92.

The elapsed time measurement unit 332 measures a time
clapse from the time at which an original of an object to be
conveyed 11 1s attached to a speed shafit roller unwinding the
object and starts to be conveyed. Note that when the
conveyance operation 1s stopped due to some kind of
problem with the inter-roller conveyance control device 300,
the measurement of the elapsed time 1s paused until the
conveyance operation resumes. The elapsed time being
measured 1s output as a measured time value TT.

The gain table generation unit 328 receives as mput the
measured time value TT and a gain calculation result Gt
including a proportional gain candidate value, an integral
gain candidate value and a gain calculation completion
signal; and stores, into the gain table 29, the proportional
gain candidate and the integral gain candidate included 1n
the gain calculation result Gt 1n association with a convey-
ance condition variable corresponding to the measured time
value TT only when a gain calculation completion signal
included in the gain calculation result Gt 1s turned on.

The gain determination unit 330 receives the measured
time value TT as input; reads, from the gain table 29, the
proportional gain candidate value and the integral gain
candidate value associated with the conveyance condition
variable corresponding to the measured time value TT being,
received; and sets the values as values of the proportional
gain and the integral gain used in the tension control
calculation unit 24. At this time, among the proportional
gain candidate values and the integral gain candidate values
stored 1n the gain table 29, the gain determination unit 330
can read the proportional gain candidate value and the
integral gain candidate value associated with the conveyance
condition variable closest to the conveyance condition vari-
able corresponding to the measured time value TT being
received; or as described with reference to FIG. 2 1n the first
embodiment, can read a plurality of each of the proportional
gain candidate values and the integral gain candidate values
and calculate new proportional gain candidate value and
integral gain candidate value on the basis of the proportional
gain candidate value and the integral gain candidate value
being read.

According to the present embodiment, when response
performance of the tension 1s changed with the lapse of a
certain period of time from the start of conveyance, the
adjustment execution command generation unit 26 turns on
an adjustment execution command Rt so as to generate a
limit cycle in which a tension deviation Te and a tension
shaft speed command value Vrl oscillate 1n a fixed cycle as
with the first embodiment; and the gain calculation unit 27
calculates the proportional gain candidate value and the
integral gain candidate value on the basis of the tension
deviation Te in an adjustment period during which the
adjustment execution command Rt 1s turned on. The gain
calculation result Gt including the calculated proportional
gain candidate value and integral gain candidate value as
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well as the gain calculation completion signal being turned
on 1s output at a point when the adjustment execution
command Rt 1s turned off and the gain calculation unit 27
fimshes calculating the proportional gain candidate value
and the integral gain candidate value.

The gain table generation unit 328 stores the proportional
gain candidate value and the integral gain candidate value
associated with the conveyance condition variable into the
gain table 29, the measured time value TT being as the
conveyance condition variable.

Effects obtained by the inter-roller conveyance control
device 300 of the present embodiment 1s described.

When a conveyance speed of the object to be conveyed 1s
controlled by a host controller 1n the inter-roller conveyance
control device 300 illustrated in FIG. 8, for example, a
sequence that determines the conveyance condition 1s 1n
many cases uniquely determined by the host controller. That
1s, the roller diameter of a tension shaft can vary with the
time elapse from the start of conveyance of the object to be
conveyed newly placed and, the conveyance speed of the
object to be conveyed can also vary with the time elapse
from the start of conveyance.

In other words, the roller diameter of the tension shaft
roller and the conveyance speed of the object to be conveyed
vary depending on the time elapse from the start of convey-
ance, so that appropriate proportional gain and integral gain
values used 1n the tension control calculation unit can vary
depending on the time elapse from the start of conveyance.

According to the present embodiment, even when the
response characteristic of the tension 1s changed with the
time elapse from the start of conveying the object to be
conveyed, the adjustment execution command generation
unit 26 turns on the adjustment execution command Rt so as
to be able to set the proportional gain and the integral gain
of the tension control calculation unit 24 appropriate for the
time elapse from the start of conveyance and maintain a
favorable response in the tension control.

Moreover, the proportional gain candidate value and the
integral gain candidate value associated with the conveyance
condition variable being the time elapse from the start of
conveying the object to be conveyed are stored one by one
into the gain table 29, so that the proportional gain candidate
value and the integral gain candidate value appropnate for
the value of each roller diameter can be generated.

The inter-roller conveyance control device 300 of the
present embodiment 1s operated as described above so as to
store, 1nto the gain table, a pair made up of the proportional
gain candidate value and the integral gain candidate value
appropriate for each time elapse from the start of convey-
ance. Therefore, the gain of the tension control calculation
unit can be set to an appropriate value 1n a short time
regardless the status of a preset control gain of the tension
control calculation unit and without the need of trial and
error or knowledge based on experience, and a user can
casily perform control to convey the object to be conveyed
between rollers while holding the tension at a desired value
even when the conveyance condition 1s changed with the
time elapse from the start of conveyance.

The time elapse from the start of conveying the object to
be conveyed 1s used as the conveyance condition variable in
the present embodiment, but the present mmvention i1s not
limited to such a case. An integrated value of the angle of
rotation of the speed shatt roller and an 1ntegrated value of
the angle of rotation of the tension shait roller from the start
of conveying the object to be conveyed can be used as the
conveyance condition variable instead of the time elapse
from the start of conveying the object to be conveyed. The
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inter-roller conveyance control device 300 of the present
embodiment needs only change the value of a tension

control correction value V¢ 1n an adjustment operation. As
a result, there 1s no need to operate the inter-roller convey-
ance control device at low speed or halt it to perform an
adjustment 1n the adjustment period; so that the time elapse
from the start of conveyance being the conveyance condition
variable 1s not aflected and so that an appropriate control
parameter can be calculated under each conveyance condi-
tion.

Fourth Embodiment

In the inter-roller conveyance control device 100 of the
first embodiment, the binary output unit applies positive and
negative square waves to the tension shaft speed reference
command value Vr0 so as to oscillate the tension deviation
Te and calculate the proportional gain candidate value and
the mtegral gain candidate value on the basis of the oscil-
lating wavelorm of the tension deviation Te. But, the control
gain can also be adjusted on the basis of a response wave-
torm of the tension deviation Te when a step signal 1s applied
to the tension shaft speed reference command value Vr0.

In the present embodiment, described 1s an inter-roller
conveyance control device 400 that observes the tension
deviation Te oscillating by applying the step signal, 1.e., an
excitation signal, to the tension shait speed reference com-
mand value Vr0 and that stores a plurality of control
parameters calculated on the basis of the observed wave-
form.

FI1G. 9 1s a block diagram illustrating the configuration of
a Tourth embodiment of the inter-roller conveyance control
device according to the present invention. The inter-roller
conveyance control device 400 1llustrated in FIG. 9 monitors
the tension deviation Te which oscillates by application of
the step signal, 1.e., the excitation signal, to the tension shaft
speed reference command value Vr0 and stores, imnto a gain
table, the plurality of the control parameters calculated on
the basis of the observed wavetorm. In FIG. 9, a block with
the same reference numeral as that in FIG. 1 represents the
same configuration as that of the first embodiment and thus
1s not described.

Although the present embodiment uses a tension shaft
roller 13 to perform rolling-up and a speed shatt roller 15 to
perform rolling-off, the present invention 1s not limited to
such a configuration. That 1s, the speed shaft roller 15 can
perform rolling-up while the tension shait roller 13 performs
rolling-off. Alternatively, each of the tension shaift roller 13
and the speed shaftt roller 15 can be an intermediate shait that
performs only a feed operation during rolling-up or rolling-
ofl but does not perform rolling-up or rolling-off.

The inter-roller conveyance control device 400 illustrated
in FIG. 9 includes a control tension detector 20, a tension
shaft speed controller 21, a speed shait speed controller 22,
a synchronous speed command generation unit 23, a tension
control calculation unit 424, an adjustment execution com-
mand generation unit 426, a gain calculation unit 427, a gain
table generation unit 428, a gain table 429, a gain determi-
nation unit 430, a step output unit 433, a subtractor 90, an
adder 91, and an adder 92.

The tension control calculation unit 424 receives the
tension deviation Te being a controlled tension deviation as
input and outputs a sum of a proportional compensation, an
integral compensation and a derivative compensation as a
tension control correction value V¢, the proportional com-
pensation being obtained by multiplying the tension devia-
tion Te by a proportional gain that 1s the control parameter,
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the integral compensation being obtained by multiplying the
tension deviation Te by an integral gain that 1s the control
parameter and integrating the outcome, and the denivative
compensation being obtained by multiplying the tension
deviation Te by a derivative gain that 1s the control param-
cter and differentiating the outcome.

The adjustment execution command generation unit 426
generates an adjustment execution command Rt that 1s a
signal representing on or ofl upon receiving an nstructional
input made by an external operation, for example. The
adjustment execution command generation unit basically
changes the adjustment execution command Rt from ofl to
on by the external operation to output the on-signal only for
an automatic adjustment period and then changes 1t back to
the off-signal.

The step output unit 433 1s an excitation signal generation
umt. The step output unit 433 receives the adjustment
execution command Rt as input and outputs a positive step
signal with a predetermined magnitude D as an added value
as an adjustment addition Vd at a point when the adjustment
execution command generation unit 426 turns on the adjust-
ment execution command Rt. The step output unit also
outputs the added value for adjustment addition Vd of zero
at a point when the adjustment execution command genera-
tion unit 426 turns ofl the adjustment execution command
Rt.

Each of FIGS. 10 to 13 illustrates an example of a time
response of the adjustment addition Vd and a detected
tension value Tib. Each of FIGS. 10 to 13 1s a diagram
illustrating a time response graph representing a behavior of
the inter-roller conveyance control device 400 with a hori-
zontal axis representing time, which 1s according to the
present embodiment. FIG. 10 1s the time response graph for
the adjustment execution command Rt of the inter-roller
conveyance control device 400 according to the present
embodiment, FIG. 11 1s the time response graph for the
added value for adjustment addition Vd of the inter-roller
conveyance control device 400 according to the present
embodiment, FIG. 12 1s the time response graph for a
tension shaft speed command value Vrl of the inter-roller
conveyance control device 400 according to the present
embodiment, and FIG. 13 1s the time response graph for the
detected tension value Tib of the inter-roller conveyance
control device 400 according to the present embodiment.
Time to on the horizontal axis indicates the same time
among FIGS. 10 to 13, and so does time tb.

The gain calculation umt 427 receives the detected ten-
sion value T1b and the adjustment execution command Rt as
input and calculates the proportional gain candidate value,
the integral gain candidate value and a dernivative gain
candidate value which are used in the tension control
calculation umt 424 on the basis of the detected tension
value T1b and the tension shaft speed command value Vrl in
an adjustment period during which the adjustment execution
command Rt 1s turned on.

A transfer function using the tension shaft speed com-
mand value Vrl as input and outputting the detected tension
value T1b 1s expressed as a transter function P(s) of a control
target by expression (1), for example.

[Expression 1]

PW=1/(ay s +a>s+a's+ag) (1)

The function P(s) in expression (1) 1s determined by a
least squares method or the like on the basis of time series
data of the tension shait speed command value Vrl and the
detected tension value Tib 1n the adjustment period during
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which the adjustment execution command Rt 1s turned on.
Then, a transter function C(s) of the tension control calcu-
lation umt 424 1s expressed by expression (2) with Kp, Ki,
and Kd indicating newly-calculated proportional gain can-
didate value, integral gain candidate value, and derivative
gain candidate value of the tension control calculation unit
424, respectively.

[Expression 2]

C(s5)=Kp+Ki/s+Kd-s (2)

Here, the proportional gain candidate value Kp, the inte-
oral gain candidate value Ki and the derivative gain candi-
date value Kd are calculated such that a coetlicient of a
characteristic equation of a closed loop control system
matches a coetlicient of a standard model of a Butterworth
filter, or coethicients on both sides of expression (3) corre-
spond with each other.

[Expression 3]

a3t +ay s+ a +Kd) s +(a o+ Kp) s+Ki=s*+2.6w-s+

34w 5% 42.6ws+w? (3)

Note that w denotes a variable representing responsive-
ness of the closed loop control system. Each of the propor-
tional gain candidate value Kp, the integral gain candidate
value Ki, the derivative gain candidate value Kd and the
variable w 1s uniquely determined by a coeflicient compari-
son 1n expression (3).

The gain calculation unit 427 outputs a gain calculation
result Gt including the proportional gain candidate value Kp,
the mtegral gain candidate value K1 and the denvative gain
candidate value Kd that are calculated at a point when the
adjustment execution command generation unit 426 turns ol
the adjustment execution command Rt as well as a gain
calculation completion signal that 1s an on or off-signal and
turned on only when the gain calculation 1s completed.

The gain table generation umt 428 receives the gain
calculation result Gt and a speed shaft speed command value
Vr2 as mput and writes, ito the gain table 429, the calcu-
lated proportional gain candidate value Kp, integral gain
candidate value K1 and derivative gain candidate value Kd
in association with the conveyance condition variable cor-
responding to the speed shaft speed command value Vr2
only when the gain calculation completion signal included 1n
the gain calculation result Gt 1s turned on.

The gain table 429 stores a plurality of the conveyance
condition variables and a set of the proportional gain can-
didate value, the integral gain candidate value and the
derivative gain candidate value associated with each con-
veyance condition variable. The gain table 429 being storage
medium 1s adapted such that information can be written or
read 1nto/from the medium freely by an external operation.
The storage medium can be a tlash memory or a hard disk
drive, for example.

The gain determination unit 430 receives the speed shaft
speed command value Vr2 as input and reads, from the gain
table 429, the proportional gain candidate value Kp, the
integral gain candidate value Ki and the derivative gain
candidate value Kd associated with the conveyance condi-
tion variable corresponding to the speed shait speed com-
mand value Vr2 being received to set the values as values of
the proportional gain, the integral gain and the derivative
gain to be used 1n the tension control calculation unit 424.

At this time, among the proportional gain candidate value
Kp, the integral gain candidate value Ki and the derivative
gain candidate value Kd stored in the gain table 429, the gain
determination unit 430 can read the proportional gain can-
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didate value Kp, the integral gain candidate value K1 and the
derivative gain candidate value Kd associated with the
conveyance condition variable closest to the conveyance
condition variable corresponding to the speed shait speed
command value Vr2 being received; or can read a plurality
of each of the proportional gain candidate value Kp, the
integral gain candidate value Ki and the derivative gain
candidate value Kd and can calculate new proportional gain
candidate value Kp, integral gain candidate value Ki and
derivative gain candidate value Kd on the basis of the
proportional gain candidate value Kp, the integral gain
candidate value Ki and the derivative gain candidate value
Kd being read.

Effects obtained by the inter-roller conveyance control
device 400 of the present embodiment 1s described.

According to the present embodiment, the adjustment
execution command generation unit 426 turns on the adjust-
ment execution command Rt to allow the proportional gain,
the mtegral gain and the dernivative gain being the control
parameters of the tension control calculation unit 424 to be
adjusted to appropriate values. Therefore, the proportional
gain candidate value, the integral gain candidate value and
the derivative gain candidate value are stored 1n association
with the speed shait speed command value Vr2 into the gain
table 429.

The inter-roller conveyance control device 400 of the
present embodiment 1s operated as described above so as to
store, 1nto the gain table, the set of the proportional gain
candidate value, the integral gain candidate value and the
derivative gain candidate value appropriate for the plurality
of conveyance conditions. Therefore, the gain of the tension
control calculation unit can be set to an appropriate value 1n
a short time under the conveyance speed condition being set
independently of the status of a preset control gain of the
tension control calculation unit and without the need of trial
and error or knowledge based on experience; and a user can
casily perform control to convey the object to be conveyed
between rollers while holding the tension at a desired value
even when the conveyance condition 1s changed.

Although the speed shait speed command value Vr2 is
used as the conveyance condition variable in the present
embodiment, the tension shait speed reference command
value Vr0 can also be used as the conveyance speed variable
in order to store, into the gain table, the appropriate control
parameter according to the plurality of different conveyance
speeds.

Although the transfer function of the control target is
expressed as a third order delay system in the aforemen-
tioned example, the transier function of the control target
can be expressed and determined by a transfer function of a
higher order such as a fifth order delay system or tenth order
delay system so as to express the tension control calculation
unit by a transfer function of a higher order. In such a case,
the responsiveness of tension control can be adjusted more
finely than PID control and can store therein the control
parameter used at that time 1nto the gain table.

Note that the transfer characteristic of the tension control
calculation unit 424 has been described as the PID control
with the proportional gain, the mtegral gain and the deriva-
tive gain as the control parameters 1n the present embodi-
ment, but the present invention 1s not limited to such a case;
but 1t can employ another type of control such as PI control,
phase lead-lag compensation or an optimal regulator. The
inter-roller conveyance control device 400 of the present
embodiment need only change the value of the tension
control correction value Vc 1n the adjustment operation.
Accordingly, the value of the speed shaft speed command
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value Vr2 being the conveyance condition variable does not
need to be changed in the adjustment period, so that the
conveyance condition variable 1s not aflected and that the

appropriate control parameter can be calculated under each
conveyance condition.

Fifth Embodiment

The proportional gain candidate value and the integral
gain candidate value associated with the conveyance con-
dition variable are stored into the gain table according to the
inter-roller conveyance control devices described in the first
to fourth embodiments. But, in the present embodiment,
stored 1s a response parameter being a parameter of a
transfer function of a control target associated with the
conveyance condition variable. Here, the transier function of
the control target refers to a transfer function using a tension
shaft speed command value Vrl as mput and outputting a
detected tension value Tib.

FIG. 14 1s a block diagram 1llustrating the configuration
of a fifth embodiment of an inter-roller conveyance control
device according to the present invention. An inter-roller
conveyance control device 500 1llustrated in FIG. 14 uses a
conveyance speed as the conveyance condition variable and
stores, 1to a parameter table, the parameter of the transfer
tfunction of the control target associated with the conveyance
condition variable. Note that in FIG. 14, a block with the
same reference numeral as that in FIG. 1 represents the same
configuration as that of the first embodiment and thus will
not be described.

The inter-roller conveyance control device 500 illustrated
in FIG. 14 includes a control tension detector 20, a tension
shaft speed controller 21, a speed shaft speed controller 22,
a synchronous speed command generation unit 23, a tension
control calculation unit 24, a binary output unit 25, an
adjustment execution command generation unit 26, a control
target 1dentification unit 527, a parameter table generation
unit 528, a parameter table 529, a gain determination unit
530, a subtractor 90, an adder 91 and an adder 92.

The control target 1dentification unit 527 receives a ten-
sion deviation Te and an adjustment execution command Rt
as mnput; measures an oscillation period and an amplitude of
the tension deviation Te in an automatic adjustment period
during which the adjustment execution command Rt 1is
turned on; and calculates the parameter of the transier
function of the control target on the basis of a result of the
measurement. Specifically, the control target identification
unit 527 approximates the transfer function of the control
target with a product of an integrator and a dead time
calculator so as to calculate a control target integral gain
value being an integral gain value of the integrator and a
control target dead time value being a dead time value of the
dead time calculator. An identification completion signal
being an on or ofl-signal 1s turned on at a point when the
adjustment execution command Rt 1s turned ofl as well as
the calculation of the control target integral gain value and
the control target dead time value 1s completed. The 1den-
tification completion signal can also be referred to as a
calculation completion signal. The 1dentification completion
signal 1s turned on once, and then turned back off. The
control target 1dentification unit 527 outputs an 1dentification
result It including the identification completion signal as
well as the control target integral gain value and control
target dead time value being calculated.

The parameter table generation unit 528 receives the
identification result It and a speed shaft speed command
value Vr2 as input, and uses the value of the speed shaft
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speed command value Vr2 as the conveyance condition
variable so as to associate the conveyance condition variable
with each of the control target integral gain value and the
control target dead time value 1included 1n the i1dentification
result It and writes, 1nto the parameter table 529, the control
target integral gain value and the control target dead time
value associated with the conveyance condition variable and
the speed shait speed command value Vr2. The parameter
table generation unit 528 writes these values into the param-
cter table 529 at a point when the 1dentification completion
signal included in the received identification result It 1s
turned on.

The parameter table 529 stores a plurality of the convey-
ance condition variables and a pair made up of the control
target integral gain value and the control target dead time
value associated with each conveyance condition varnable.
The parameter table 529 being storage medium can be
adapted such that information can be wrtten and read
into/from the medium by an external operation, which 1s not
limited to a specific configuration. The storage medium can
be a flash memory or a hard disk drive, for example.

The gain determination unit 530 receives the speed shait
speed command value Vr2 as mput and reads, from the
parameter table 529, the control target integral gain value
and the control target dead time value associated with the
conveyance condition variable corresponding to the speed
shaft speed command value Vr2 being received; calculates
the proportional gain value and the itegral gain value from
the control target integral gain value and the control target
dead time value; and sets or changes the values as values of
the proportional gain and the integral gain of the tension
control calculation unit 24. At thus time, among the control
target integral gain value and the control target dead time
value stored in the parameter table 529, the gain determi-
nation unit 530 can read the control target integral gain value
and the control target dead time value associated with the
conveyance condition variable closest to the conveyance
condition variable corresponding to the value of the speed
shaft speed command value Vr2 being received; or can read
a plurality of each of the control target integral gain values
and the control target dead time values to calculate new
control target integral gain value and control target dead
time value on the basis of the control target integral gain
value and the control target dead time value being read.
When the gain determination unit 530 uses the conveyance
condition variable as iput to calculate the control parameter
from the control target integral gain value and the control
target dead time value being read from the parameter table
529 and changes the control parameter of the tension control
calculation unit 24 as described above, the control parameter
calculated from a pair made up of the control target integral
gain value and the control target dead time value appropriate
for the conveyance condition are used in tension control
from among the plurality of pairs of the control target
integral gain values and the control target dead time values
stored 1n the parameter table 529. Therefore, a user can
casily change the control parameter accompanying a change
in the conveyance condition. Although the control parameter
based on the control target integral gain value and the
control target dead time value can be calculated by using a
Ziegler-Nichols tuning rule, for example, another tuning rule
can be used.

Effects obtained by the inter-roller conveyance control
device 500 of the present embodiment 1s described.

In general, a response characteristic of the tension control
varies depending on a rule of adjustment when the control
parameter 1s adjusted on the basis of the transfer function of
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the control target. The Ziegler-Nichols tuning rule for
example has the characteristics of providing a favorable
disturbance response but resulting in increased overshoots
with respect to a command response. According to the
inter-roller conveyance control device 500 of the present
embodiment, a user of the inter-roller conveyance control
device changes the tuning rule of the control parameter 1n
the gain determination unit 530 after the parameter table 1s
generated, whereby the parameter of the transfer function of
the control target stored in the parameter table 529 1s used
to be able to obtain the control parameter calculated from a
plurality of tuning rules. The response characteristic of the
tension control can thus be changed even after the parameter
table 1s generated.

The parameters stored in the parameter table 529 of the
inter-roller conveyance control device 500 are the control
target integral gain value and the control target dead time
value in the present embodiment; but, as the parameters
stored 1n the parameter table, can be set a proportional gain
value and a time constant value obtained by approximating,
the transier function of the control target with a transier
function of a first order delay, or coetlicients of a denomi-
nator polynomial and a numerator polynomial obtained by
approximating the control target with a higher order transfer
function, for example.

Although the transfer function of the control target being
stored 1s the transfer function receiving the tension shaft
speed command value Vrl as iput and outputting the
detected tension value "

I'th in the inter-roller conveyance
control device 300 of the present embodiment, a similar
ellect can be obtained with a transfer function including a
response characteristic of the detected tension value Tib
with respect to a peripheral speed of the tension shafit roller,
since the control gain of the tension control calculation unit
24 can be determined from the transfer function.

The ter-roller conveyance control device 500 of the
present embodiment need only change the value of the
tension control correction value V¢ 1n the adjustment opera-
tion. Accordingly, the value of the speed shait speed com-
mand value Vr2 being the conveyance condition variable
does not need to be changed 1n the adjustment period, so that
the conveyance condition variable 1s not aflected and that the
appropriate control parameter can be calculated under each
conveyance condition.

The configuration described 1n the aforementioned
embodiments 1llustrates an example of the content of the
present invention and can be combined with another known
technique or partly be omitted or modified without departing
from the gist of the present invention.

INDUSTRIAL APPLICABILITY

The mter-roller conveyance control device according to
the present invention 1s useful when 1t 1s required to perform
the tension control with the favorable response performance,
and 1s particularly suitable for an inter-roller conveyance
control device in which the conveyance condition 1s changed
frequently.

REFERENCE SIGNS LIST

1 inter-roller conveyance mechanism, 11 object to be
conveyed, 12 tension shait motor, 13 tension shaft
roller, 14 speed shait motor, 15 speed shaft roller, 16
roller diameter sensor, 20 control tension detector, 21
tension shaft speed controller, 22 speed shaft speed
controller, 23 synchronous speed command generation
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unit, 24, 424 tension control calculation unit, 25 binary
output unit, 26, 426 adjustment execution command
generation unit, 27, 427 gain calculation unit, 28, 228,
328, 428 gain table generation unit, 29, 429 gain table,
30, 230, 330, 430 gain determination unit, 90 subtrac-
tor, 91, 92 adder, 100, 200, 300, 400, 500 inter-roller
conveyance control device, 231 roller diameter calcu-
lation unit, 332 elapsed time measurement unit, 433
step output unit, 527 control target 1dentification unit,
528 parameter table generation unit, 529 parameter
table, 530 gain determination unit.

The mvention claimed 1s:

1. An inter-roller conveyance control device that conveys
an object to be conveyed between a speed shaft roller and a
tension shaft roller while providing tension, the device
comprising:

a control tension detector that detects a control tension

value of the object to be conveyed;

a tension control calculation unit that calculates and
outputs a tension control correction value such that a
tension deviation 1s decreased, the calculation being on
a basis of a control parameter and a tension deviation
that 1s a deviation between a set tension command
value and the control tension value;

an adjustment execution command generation unit that
turns on an adjustment execution command that 1s an

on or ofl-signal from an external input, and
turns ofl the adjustment execution command after an
adjustment period;
an excitation signal generation unit that, when the adjust-
ment execution command 1s turned on, adds an added
value for adjustment to the tension control correction
value while the object to be conveyed 1s being con-
veyed;
a tension shait speed controller that
receives, as iput, a tension shait speed command value
obtained by summing the tension control correction
value, the added value for adjustment, and a tension
shaft speed reference command value, and

performs control such that a conveyance speed of the
tension shait roller corresponds to the tension shaift
speed command value;
a speed shaft speed controller that
receives, as input, a speed shait speed command value
that changes 1n synchronization with the tension
shaft speed reference command value, and

performs control such that a conveyance speed of the
speed shait roller corresponds to the speed shaft
speed command value;
a gain calculation umt that
calculates, on the basis of the tension deviation 1n the
adjustment period during which the adjustment
execution command 1s turned on, a control parameter
candidate value, as an appropriate control parameter,
and

outputs the control parameter candidate value;

a gain table generation unit that, after calculation by the
gain calculation unit 1s completed, associates the con-
trol parameter candidate value with a conveyance con-
dition variable that changes while the object to be
conveyed 1s being conveyed and that aflects an appro-
priate value of the control parameter; and

a gain table that stores therein a plurality of pairs of the
conveyance condition variable and the control param-
eter candidate value.

2. The inter-roller conveyance control device according to

claim 1, further comprising
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a gain determination unit that changes the control param-
eter used 1n the tension control calculation unit on a
basis of the control parameter candidate value that 1s
read from the gain table with the convevance condition
variable being as input.

3. The inter-roller conveyance control device according to

claim 2, wherein

the gain determination unit
corrects the control parameter candidate value read

from the gain table, and
changes a value of the control parameter 1n the tension
control calculation unit.

4. The inter-roller conveyance control device according to
claim 1, wherein

the conveyance condition variable i1s a variable deter-
mined by a conveyance speed ol the object to be
conveyed.

5. The inter-roller conveyance control device according to

claim 1, wherein

the conveyance condition variable 1s a variable deter-
mined by a roller diameter of the tension shait roll.

6. The inter-roller conveyance control device according to
claim 1, wherein

the conveyance condition variable is a variable deter-
mined by time period elapsed from the start of con-
veying the object to be conveyed.

7. The inter-roller conveyance control device according to

claim 1, wherein

the excitation signal generation unit 1s operated according
to a limit cycle method.

8. An inter-roller conveyance control device that conveys
an object to be conveyed between a speed shaft roller and a
tension shaft roller while providing tension, the device
comprising:

a control tension detector that detects a control tension

value of the object to be conveyed;

a tension control calculation unit that calculates and
outputs a tension control correction value such that a
tension deviation 1s decreased, the calculation being on
a basis of a control parameter and tension deviation that
1s a deviation between a set tension command value and
the control tension value;

an adjustment execution command generation unit that
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turns on an adjustment execution command that 1s an
on or ofl-signal from an external 1nput, and

"y

turns ofl the adjustment execution command after an
adjustment period;
an excitation signal generation unit that, when the adjust-
ment execution command 1s turned on, adds an added
value for adjustment to the tension control correction
value while the object to be conveyed 1s conveyed;
a tension shait speed controller that
receives, as mput, a tension shait speed command value
obtained by adding the tension control correction
value, the added value for adjustment, and a tension
shaft speed reference command value, and

performs control such that a conveyance speed of the
tension shaft roller corresponds to the tension shaft
speed command value;
a speed shaft speed controller that
receives, as mput, a speed shait speed command value
that changes 1n synchronization with the tension
shaft speed reference command value, and

performs control such that a conveyance speed of the
speed shaft roller corresponds to the speed shaft
speed command value;
a control target identification unit that
identifies, on the basis of the tension deviation 1n the
adjustment period during which the adjustment
execution command 1s turned on, a transier function
representing a response characteristic of the control
tension value with respect to a conveyance speed of
the tension shatt roll, and

outputs an i1dentification result including a response
parameter that 1s a coethicient of the transfer func-
tion;

a parameter table generation unit that, after identification
by the control target identification unit 1s completed,
associates the response parameter with a conveyance
condition variable that changes while the object to be
conveved 1s conveyed and allects an appropriate value
of the control parameter; and

a parameter table that stores therein a plurality of pairs of
the conveyance condition variable and the response
parameter.
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